Section of Endocrinology
Ablation In 1941 Fraser and Smith proposed certain tests which could be used to confirm the rather vague syndrome described by Simmonds in 1914. Sheehan and Summers (1949) have found that 85-95% of anterior pituitary tissue is usually destroyed before Simmonds' syndrome develops; lesser degrees of pituitary destruction neither produce the syndrome nor give rise to abnormal tests. Thus when abnormal tests are obtained after attempted ablation of the pituitary, there is good reason to believe that the function of more than 95% of the hypophyseal tissue has been destroyed.
However, the results of these tests may be influenced not only by the pituitary ablation but also by widespread malignant disease. Provided those least influenced by cachexia alone are chosen, indirect tests of thyroid and adrenal function are satisfactory for assessing pituitary destruction, although a special series of tests is necessary for the few patients who have been adrenalectomized before they have been hypophysectomized. In studying severely ill patients it is preferable to use tests which can easily be repeated provided they are sufficiently sensitive and specific.
For these reasons the tests used have mainly been a radioiodine test for thyroid function and the water diuresis test (W.D.T.) for adrenal function together with an electrocardiogram. When these give an abnormal result, the estimation of urinary gonadotrophin excretion has often been performed in addition. No reliance has been placed on urinary steroid excretion because this is often seriously reduced in malignant and other cachectic states without there being any pituitary involvement. We have, however, noted whether patients developed clinical evidence of acute cortisol deficiency after cortisone is withdrawn on the tenth post-operative day.
The development of clinical dependence on exogenously administered cortisone indicates a FEBRUARY severe degree of hypopituitarism, and we have used this as a clinical criterion against which to measure the adequacy of pituitary function tests in the presence of carcinomatosis. We have been concerned in assessing the adequacy of pituitary ablation after needle implantation of radioactive yttrium (90Y) but the tests should be equally applicable after surgical hypophysectomy although any return of pituitary function is less likely after treatment with 90Y because of irradiation to any pituitary remnants.
The tests were first done ten to fourteen days after the implant and thereafter at intervals of three to six months to check the persistence of any abnormalities. During the first week after the operation the patients received 50 mg cortisone daily which was gradually reduced and stopped over the seventh to tenth post-operative days. The first water diuresis test was done on the twelfth day-thirty-six hours after the last dose of cortisone. During the next week a radioiodine test was done and the patient watched carefully for clinical evidence of cortisol deficiency. If this developed the W.D.T. was repeated and then appropriate treatment instituted. If no evidence of cortisol-deficiency developed within two weeks of stopping cortisone, the tests were usually normal and a decision was taken as to whether a further implant should be done.
Results
The results of these tests have been assessed in 35 patients who have been followed for three to forty-eight months following implantation. Fig. 1 shows that the results of the first radioiodine tests carried out after implantation gave a good indication of subsequent pituitary function. The patients are grouped according to the mean result of the several post-implantation radioiodine tests. It is evident that the initial separation of the groups is maintained during later months.
The patients can be divided into two clinical groups: the "cortisone-dependent" cases who developed evidence of acute cortisol-deficiency when cortisone was withdrawn in the postoperative period and therefore had clinical -hypopituitarism, and those who did not develop the withdrawal syndronie and who presumably had insufficient pituitar3 destruction. Water diuresis test.-This is simple, cheap and needs only a. short period of accurate urine collection. Only a small water load of 1 litre has been used so as to avoid nausea, and it must be suiitably flavoured with lemon or even tea. Because the result may be abnormal in heart failure or renal disease, it is important to ascertain the pre-operative value. If any difficulty in interpretation arises, the test should be repeated after full substitution with cortisone. The contrasting results in patients with and without cortisone dependency is shown in Fig. 2 sone administration for ten days post-operatively does not seem to have reduced the reliability of this test of adrenal function; the incompletely hypophysectomized patients showed no significant adrenal suppression, and the results in the cortisone-dependent group were in general agreement with other assessments of pituitary function. During withdrawal of cortisone repeated tests were made until clinical cortisonedependency was clearly established-the last test usually giving the most abnormal result. The mean four-hour diuresis in the adequately ltypophysectomized patients not receiving cortisone was usually less than 50 % or 500 ml, the volume being on average at least 380 ml less than the value obtained either pre-operatively or after full substitution with cortisone ( Fig. 2) . In very ill patients or those whose endocrine status is uncertain, it is important to establish that a reduced water diuresis can be returned to normal with cortisone treatment. In several patients serial tests during the initial cortisone withdrawal period and during subsequent restoration with corticosteroids throw some interesting and practical light on the speed with which this renal tubular abnormality develops and then recovers with heavy substitution dosage (Figs. 3A and 3B). The restoration dosage was not standardized at first but did approximate our current regime which is 20 mg prednisone immediately, followed by 5 mg hourly for six hours and thereafter 5 mg four-hourly until there is full clinical recovery and restoration of a normal diuresis, when the dosage is changed to the standard maintenance of 12-5 mg cortisone eighthourly." Often there is a clearly abnormal result on the second day of cortisone withdrawal ( Fig.  3A ) and the response may steadily decrease to a maximum abnormality usually attained by the seventh day. Only one patient had an abnormally small diu'resis on the second day but lat9r a normal result without cortisone.' Correspondingly the restoration of a normal diuresis tends to (Fraser et al., 1953) , this is of no disadvantage in cancer patients in whom a severe degree of hypopituitarism is required and in whom therefore there should be a significant lowering of the neck uptake. 16 of the 19 patients who were clinically cortisonedependent had a forty-eight-hour radioiodine uptake of less than 25 % whereas in 5 of the 9 cortisone-independent patients it was normal ( Fig. 4 ). be gradual over a period of about seven days even with heavy prednisone dosage. This slow return to normal is analagous to that of the hypothyroid abnormalities on administration of thyroxine (Ibbertson et al., 1959) : probably both require some gradual restoration of tissue enzymes before full cellular responsiveness to the hormone is attained.
Our conclusions regarding the water diuresis test are therefore that (1) the test should be done on the second day of cortisone withdrawal; (2) it should be repeated on the day the cortisoldeficiency syndrome develops or at the latest on the seventh day (if insufficiently abnormal, incomplete hypophysectomy is implied); and (3) when a test after corticosteroid restoration is needed it should be done on the seventh day of full prednisone treatment as outlined above. Electrocardiogram.-This is an important supplementary test, especially in the initial postoperative cortisone withdrawal phase. When the cortisone-withdrawal syndrome is observed, an ECG is taken before treatment withprednisone is started. Restoration of any abnormalities, particularly T-wave changes, can be re-examined on the seventh day after full corticosteroid restitution. It is important to remember that later a deficiency of thyroxine will produce its own ECG abnormalities. However, after full thyrox-3 83 0 0 0 1 0 84 Proceedings of the Royal Society of Medicine 4 ine replacement the ECG may again be used to detect cortisone-dependence. Within two weeks of pituitary destruction there is still enough thyroid hormone in the tissues to enable the ECG to reflect the tissue supply of cortisol.
The results obtained with the two chief testswater diuresis and radioiodine uptake-during the post-implantation phase are shown for the cortisone-dependent and cortisone-independent patients in Fig. 4 . Also shown are the results of F.S.H. estimations in some of the patients. 3 of the clinically hypopituitary patients did not have an abnormal radioiodine test and may, therefore, have had a sub-optimal hypophysectomy. In the cortisone-independent group the radioiodine test was normal or near-normal. The results of the water diuresis test in the cortisonedependent patients are those obtained in the last test done while not on cortisone and just before corticosteroid replacement. All are abnormal. The single near-normal value of 66% was in an exceptional patient who did not show cortisone dependency until three weeks later. Two of the low values could not be restored to normal by cortisone and probably reflect a cardiovascular or renal abnormality. In the cortisone-independent group, the diuresis values are the mean of several tests done after cortisone withdrawal. No constant trend was observed. The lowest value of 14% could be partially restored by cortisone; the response to cortisone was not tested in the patient with the next lowest value of 30%, while the third lowest (42%) was an improvement on values obtained before implantation. The F.S.H. values confirmed pituitary destruction by being abnormally low in all but 3 of the cortisone-dependent patients. More results are needed in the other group to decide whether this test may not prove too sensitive. A comparison of these three tests suggests that radioiodine uptake may be the more stringent criterion, since it was normal in a few cases with adrenal insufficiency and low gonadotrophins. Implantation of the Pituitary The extent of pituitary destruction following radioactive implants canbe assossed quantitatively by histological examination of the contents of the sella turcica after death. In this way the effect of implanting either radon seeds, or rods or screws of yttrium-90 into the pituitary fossa has been estimated in 62 women with advanced malignancy (Dr. A. T. Sandison). The methods of implantation and examination of the pituitary have been described elsewhere (Forrest et al., 1959) . The results reveal that only by 90Y screw-implantation can consistently complete or near-complete destruction be assured, destruction being defined as complete loss of cell outlines and nuclei; recognizable cells with nuclei are regarded as viable, although they may have received sufficient radiation to impair their function.
Various biochemical tests have been used to measure the extent of pituitary destruction during life and we have correlated these with the extent of the destruction found after death.
Pituitary Hormones
Gonadotrophins.-Using the method of Loraine and Brown (1954) , no gonadotrophin was found in the urine of 4 patients treated by implantation of the pituitary with radon seeds, despite incomplete anatomical destruction of the gland in 3 of them. In an acromegalic with breast cancer treated by 90Y implantation, urinary gonadotrophins could not be detected although suppression of 17ketosteroid secretion by prednisolone clearly indicated persistent pituitary function. Thus absence of gonadotrophic activity in the urine, estimated by the methods at present available, is not evidence of complete anatomical destruction of the pituitary gland.
Adrenal and Ovarian Hormones
Estimations of neutral 17-ketosteroids, their 1 l-oxy and 1 1-deoxy fractions and cestrogens in the urine, and 17-hydroxycorticosteroids in peripheral blood, were done in patients with breast cancer after radioactive implantation of the pituitary, both while receiving maintenance cortisone therapy and when this was temporarily 'discontinued.
Total neutral 17-ketosteroids were estimated by the modified Callow-Zimmerman method (Medical Research Council, 1951) and their 1 I-oxy and 1 I-deoxy fractions by the methods previously described by Hobkirk (1958) . Urinary cestrogens (cestriol, cestrone and cestradiol-17,) were estimated by Brown's method (Brown, 1955; Brown et al., 1957) and plasma 17hydroxycorticosteroids by a modification of the Porter-Silber technique (Porter and Silber, 1950) . As the penetrating gamma rays emitted by radon are more likely to cause functional damage to histologically normal cells which surround the zone of complete necrosis, only estimations carried out in patients following 9°Y implants, which emit only beta particles, have been considered. implantation of the pituitary and while on imaintenance cortisone therapy (50 mg per day). The mean value for each patient was not related to the extent of pituitary destruction as determined after death (Fig. 1) . Estimations of I Il-oxy 17-ketosteroids in seventy-two-hour pools. of urine were similarly without significance.. These steroids (I 1-hydroxysetiocholanolone, I11 hydroxyandrosterone, 1 1-ketowtiocholanolone,. ll1-ketoandrosterone) are mainly metabolites of glucocorticoids and thus of the cortisone administered to the patient.
The ll1-deoxy 17-ketosteroids (wtiocholaitolone, androsterone and dehydroepiandrosterone) are metabolites of the androgens (mainfly At4 origin (Birke et al., 1958) . They are not significantly derived from endogenous or exogenous cortisol. These ketosteroid fractions can rarely be detected in the urine of patients with breast cancer after total adrenalectomy and oophorectomy whether cortisone is being taken or not. After pituitary implantation with 90Y the amounts detected in the urine were generally low provided that 90 to 100% of the gland was destroyed (Fig. 2) . Of 2 patients with complete destruction of the gland one still excreted significant amounts of all three steroids seven weeks after implantation; in the urine of the other none was detected.
Recoverable amounts of cestriol, cestrone and cestradiol-17p, estimated chemically, may still be present in the urine of women with breast cancer after adrenalectomy and oophorectomy. After pituitary implantation the amounts present were roughly inversely proportional to the extent of destruction of the gland. However, in 3 patients with 99% destruction and in 1 with complete destruction significant quantities were still detected in the urine while in a patient with only 60 % destruction none was recovered (Fig. 3) .
Estimations during cortisone withdrawal.-In our experience adrenalectomized women can tolerate cortisone withdrawal for thirty-six hours to five days. During this period those urinary steroids which are metabolites of cortisol pro-gressively fall to zero or near-zero levels (11 -oxy 17-ketosteroids and total 17-ketosteroids) while 17-hydroxycorticosteroids disappear from the peripheral blood. The 1-deoxy 17-ketosteroids are absent from the urine whether cortisone is taken or not and the excretion of cestrogens and pregnanediol are unaffected by the absence of cortisone (Hobkirk et al., 1959) .
After surgical hypophysectomy (Lipsett et al., 1957) or radioactive implantation of the pituitary, patients remain well without cortisone therapy for longer periods of time and in most no illeffects occur during a five-day period of cortisone withdrawal. Estimations of urinary steroids have been carried out in several patients after 90Y implantation before and during a five-day period of cortisone lack and during the subsequent five days when cortisone was restarted in a larger dose (150 mg/day). The patterns of urinary steroids for 3 such patients in whom anatomical destruction of the pituitary was subsequently shown to be 99%, 90% and 90% respectively are shown in Fig. 4 . In all 3 patients the total 17-ketosteroids, 11 -oxy and 11 -deoxy fractions and cestrogens behaved similarly notwithstanding the difference in the extent of damage to the gland. In 2 patients daily estimations of plasma 17hydroxycorticosteroids were carried out during cortisone withdrawal; in both patients they fell to undetectable levels despite incomplete destruction of the gland in one. In a patient with a Prednisolone suppression test.-In 2 women with breast cancer treated only by mastectomy the excretion of neutral 1 7-ketosteroids was reduced by the administration of prednisolone 50 mg per day for six days compared with that on a similar dose of cortisone. 3 patients treated by pituitary 90Y implantation failed to show this response; the histological assessment of gland destruction was 90 % in 2 and 99 % in the third. Conclusions on adrenal function tests.-While the results of these tests suggest that adrenocortical function is markedly depressed following effective implantation of the pituitary with 90Y, it is difficult to decide to what extent these hormone assays can differentiate between the completely destroyed pituitary and that in which small groups of histologically normal cells remain. In patients treated by pituitary irradiation this difficulty is increased by the impossibility of knowing whether these residual cells are capable of function. The effect of replacement cortisone therapy in depressing adrenocortical function may also lead to difficulty in evaluating the tests and clearly merits further study.
It has been shown in man that conservation of salt, an aldosterone effect, is unaffected by hypophysectomy (Maclean et al.> 1957) which may account for the greater tolerance to the absence of cortisone shown by hypophysectomized as compared to adrenalectomized patients. Our finding of significant excretion of 1 1-deoxy 17ketosteroids despite complete destruction of the pituitary suggests that the unstimulated adrenal may also secrete androgenic steroids.
From studies carried out in collaboration with Dr. J. Grant, Department of Biochemistry, University of Edinburgh, and Dr. R. Short, School of Veterinary Medicine, Cambridge, it appears likely that cortisol synthesis also can take place in the human adrenal gland after complete pituitary destruction. In a patient with breast cancer, treated by 90Y rod implant two and a half years and 90Y screw implant four months previously and later found to have complete destruction of the pituitary, significant amounts of cortisol (14-8 lzg/100 ml plasma) were found in a sample of adrenal venous blood collected during adrenalectomy. No significant cortisol was present in a sample of peripheral blood taken simultaneously (<5 mg/100 ml plasma). The steroid-hydroxylating capacity of the removed adrenal, which weighed only 2 g, was investigated in vitro; using 1 1-deoxycorticosterone as substrate it was found that a homogenate of the gland was capable of 11 3-hydroxylation and produced corticosterone to a limited but significant extent (29 ,ug/mg N/h).
The excretion of adrenal hormones and their metabolites may also be influenced by the tine since implantation of the pituitary, for ithe adrenal weight at post-mortem has a highly signifi,- 87 7 time between pituitary implantation and death (Fig. 5 ). Thus atrophy of the adrenals after pituitary destruction is a slow process. Adrenal weights in patients with 90 to 99 % destruction of the pituitary were similar to those in patients in whom it was complete.
Thyroid Function
After 90Y implantation of the pituitary clinical signs of myxcedema appear in three to six months and tests of thyroid function using 1311I confirm low activity of the gland (Fig. 6 ) (Dr. James Crooks). Although the four-hour uptake may remain normal even when destruction of the gland is extensive, the forty-eight-hour uptakes and T index of urinary excretion are markedly depressed and most of the radioiodine is excreted within forty-eight hours. The T index in particular is related to the extent of destruction although it is still abnormally low when only 50 % of the gland is necrosed. Post-mortem thyroid weights were very variable and not related to the time since implantation of the pituitary.
General Conclusions
The results indicate that following implantation of the pituitary with 90Y using the fixed source or screw technique 95 to 100% destruction of the gland can be consistently achieved. While it cannot be clearly defined to what degree function of the adrenal and thyroid glands persists after even a complete hypophysectomy, absent or low I 1-deoxy 17-ketosteroids in the urine, a fall in 1 l-oxy 17-ketosteroids when cortisone is discontinued and a low T index of radioiodine excretion would at least suggest that the function of the gland was severely disturbed. 185, 201. Dr. D. N. Baron (London) : Investigation of Anterior Pituitary Function after
Surgical Hypophysectomy
The ideal method for studying the completeness of hypophysectomy is to examine the pituitary fossa after death and to correlate retrospectively the autopsy findings with the results of biochemical tests done during life. However, it is extremely difficult to correlate the histological appearances of the anterior pituitary with its physiological activity. Nor is it certain how much remaining tissue-itself difficult to assessis necessary for norinal endocrine activity. We consider that a thin rim of persisting pituitary cells is compatible with functionally complete hypophysectomy. Activation of the vestigial pharyngeal pituitary has been said to occur after hypophysectomy, but this has not been substantiated. In most of our cases the technique used (by Mr. E. J. Radley Smith) has been surgical removal of the gland through a right frontal approach followed by implantation of 15 ,uc of unscreened radioactive gold seeds under direct vision (Baron et al., 1958) .
Tests measure pituitary activity only at the time of testing and remnants of pituitary tissue, inactive in the immediate post-operative period, may become functional later. When tests give equivocal results they are best repeated after a three-month interval when either further atrophy will have occurred or activity returned towards normal. We have found that the best time to assess pituitary function initially is three to four weeks post-operatively (Baron and Gurling, 1960) .
Of the anterior lobe hormones only F.S.H. and L.H. can be assayed; the validity of the methods claimed for prolactin has not been established. Urinary gonadotrophin assay has been performed on many of our patients by Dr. Ian Somerville using the mouse uterine assay method following kaolin absorption (Loraine and Brown, 1956 ). This method is valid only if appreciable levels are present pre-operatively; in 8 of 38 women investigated less than 6 mouse units/twenty-four hours were found pre-operatively. If the preoperative value is above 24 units, the level three to four weeks after operation falls to undetectable amounts when pituitary function is absent. Persistent excretion above 24 units indicates continued pituitary activity. Although this biological assay is useful as a direct measure of pituitary function we do not consider it as informative as tests of thyroid or adrenal function.
Changes in thyroid function provide the easiest means of assessing the completeness of hypophysectomy, and 131I studies have been found more informative than the B.M.R. or serum cholesterol level. Clinical myxcedema is apparent in 60% of patients by the fourth postoperative week if thyroid replacement is not begun earlier. The B.M.R. steadily declines after operation, but diagnostic values may not be reached by four weeks: it is the decline and not the absolute value which is important in assessing thyroid deficiency. In only one-third of our patients was a level diagnostic of myxcedema found at the time of testing. Perhaps because the duration of thyroid deficiency was short, the serum cholesterol was normal in half our patients.
We have found the plasma 131I activity fortyeight hours after a dose of 45-60 ,uc the most useful type of test and the conversion ratio the best single test (Goodwin et al., 1951) . In more than 80% of patients who were clinically considered to be completely hypophysectomized these tests gave confirmatory results. A few patients have been found with autonomous functioning thyroid adenomas in the absence of any detectable pituitary function: in such cases diffuse activity is absent (Gurling et al., 1959) .
Adrenal. activity is estimated by measuring urinary or plasma corticosteroids after cortisone replacement therapy has been withdrawn for seventy-two hours. Although the values decline to very low levels in complete hypophysectomy no clinical symptoms more severe than anorexia and lethargy have been seen, and this cortisone withdrawal test is considered completely safe. The occurrence of more severe symptoms after another week provides additional clinical evidence of absent adrenocortical function. Plasma levels fall more rapidly than urinary excretion, and we have found that they usually give more clear-cut results. Occasionally detectable urinary corticosteroids have been found when all other evidence has suggested complete hypophysectomy. This may correlate with the occasional persistence of plasma conjugated corticosteroids after cortisone withdrawal when free corticosteroids are absent. Free and conjugated corticosteroids were measured independently in plasma samples (15 ml) by the Porter-Silber reaction (Baron et al., 1960) . The plasma was always taken at 10 a.m., which is a few hours after the usual diurnal peak, but is convenient and gives reasonably high results. The normal range of plasma corticosteroids was: free 8-20 ,ug/100 ml; conjugated 5-17 Hg/100 ml. The extinction point by our procedure was 3 ,ug/100 ml. After cortisone withdrawal the free fraction is normal when there is other evidence of continuing pituitary function: in completely hypophysectomized patients the free fraction is below normal, and often absent. The control series was given a similar dose of cortisone (37 5-50 mg daily) for three to four weeks; the same cortisone withdrawal test was done and the free fraction was always normal at seventy-two hours ( Table I ).
The plasma corticosteroids were studied by chromatography in certain patients. In those who were considered completely hypophysectomized no steroids could be seen in the seventy-twohour specimen of the cortisone withdrawal test. Unfortunately no incompletely hypophysectomized cases were examined. We consider that our method is sensitive to about 1-5 ,ug of cortisol/ 100 ml plasma.
These tests of adrenal function are invalid for the assessment of hypophysectomy if the patient has impaired adrenal function pre-operatively due to metastases, or has been adrenalectomized.
Our experience on the value of sex hormone estimations, which largely measure adrenal function, has been confined to assay of androgen metabolites. Theoretically urinary pregnanediol excretion could be used as a reflection of progesterone secretion by the adrenal cortex or corpora lutea, but I know of no extensive studies after hypophysectomy. Estimation of urinary cestrogens is difficult, and a valid method for low concentrations has only recently been developed. Accordingly some results reporting continued cestrogen secretion after apparent complete hypophysectomy await confirmation. adrenal androgen secretion but some administered cortisone is excreted as 1 7-oxosteroids. Total 17-oxosteroid analysis can be valid only in a cortisone withdrawal test. Though zero levels are not found if anterior pituitary function is present, the urinary excretion may decline slowly (as for corticosteroids) and the steroids be present after complete hypophysectomy. Dehydroepiandrosterone (DHA) is secreted solely by the adrenal cortex under the stimulus of ACTH. The absence of urinary DHA in completely hypophysectomized cases, when on.or off cortisone, and its continued presence in incompletely ablated cases, have been shown (Khattab, 1956; Holliday et al., 1958) . Unfortunately this method is only available as a difficult research procedure. Similarly estimations of total or differential plasma 17-oxosteroids can only be undertaken in a special unit.
